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1.0  Introduction 

A report,  "Automation  and  Centralization  of  Facilities  Monitoring  and 
Control  Systems",  Reference  1,  was  prepared  to  document  a step-by-step  pro 
cedure  to  determine  potential  energy  and  dollar  savings  using  central  energy 
control  systems.  Costs  of  equipment  and  implementation  were  presented. 

Additional  information  and  guidance  for  analysis  of  feasibility  was  given 
in  the  DAEN-FEU  Technical  Note  No.  77-8,  "Energy  Control  System  Feasibility 
Considerations"  that  contained  a FESA  report,  "Guidance  for  Energy  Control 
Systems  Analysis",  Reference  2. 

These  documents  contain  the  information  necessary  to  perform  an  economic 
and  energy  analysis  and  to  obtain  cost  estimates  for  funding  requests.  However, 
the  calculations  must  be  performed  by  hand  or  by  a calculator  and,  for  large 
numbers  of  buildings,  require  a considerable  amount  of  man  effort  and  time.  | 
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The  program,  documented  in  this  report,  automates  the  procedures  des-  | 

cribed  in  the  above  references  to  reduce  time  requirements  and  increase 
calculation  information.  The  program  calculates  the  energy  savings  achievable 
in  terms  of  BTU's  delivered  to  the  building  envelope  and  the  dollars  or  cost 
of  the  BTU's;  implementation  costs  and  equipment  requirements;  and  gives  the 
economic  analysis  for  single  or  multiple  buildings  (facilities  and  installations). 

This  report  explains  the  use,  input  and  the  results  of  the  analysis 
calculation  program  for  energy  control  systems. 

2.0  Input  Data 

2.1  General  Information 

As  presently  written,  up  to  120  buildings  can  be  run  on  the  program 
and  analyzed.  This  can  be  expanded  by  increasing  the  dimensions.  Data 
must  be  developed  on  the  buildings  HVAC  equipment  to  be  analyzed.  The 
equipment  items  are; 


Air  Handlers  (number) 

Chillers  (number) 

Exhaust  Fans  (number) 

Dampers  (number) 

the  above  pieces  of  equipment  do  not  adequately  describe  the  existing 


system,  they  can  serve  as  an  equivalent  replacement  for  the  undescribed  item 
from  a control  point  of  view.  Figure  1 displays  the  array  used  to  calculate 
the  number  of  points  needed  to  accomplish  a given  HVAC  system  control  scheme 
(Section  2.4). 
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S/S  = Start/Stop 
R = Rest 
B = Binary 


Discrete  points  (digital) 


A = Analog 

AHU  = Air  Handling  Unit 

Ch  = Chiller;  E.F.  = Exhaust  Fan;  D = Dampers 

Figure  1 
Point  Array 

As  an  example  consider  a building  which  employs  equipment  shutdown  and 
that  the  building  only  has  a hot  water  radiator  system.  Here  one  would  want 
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to  control  the  circulation  pump.  This  would  require  a start/stop  and  a 
binary  point  and  is  described  by  any  one  of  the  equipment  types  in  the  array 
which  corresponds  to  Scheme  1 (see  Page  5,  Paragraph  2.4.1).  Thus,  an  air 
handling  unit  would  be  inputted  and  the  proper  number  of  points  would  be 
calculated. 

The  type  of  system  in  the  building  must  be  known  to  be  able  to  select 
the  energy  savings  scheme  to  be  applied.  For  example,  you  can't  use  a tem- 
perature reset  savings  scheme  with  a fan  coil  unit  or  you  can't  use  enthalpy 
control  or  optimization  if  a building  has  no  ventilation  system.  Thus,  a 
building  survey,  requiring  up  to  no  more  than  two  hours  per  building,  is 
necessary  to  obtain  the  input  information.  The  buildings  to  be  surveyed 
are  described  in  References  1 & 2.  A good  rule  of  thumb  is  to  start  with  all 
buildings  larger  than  8000  square  feet.  This  number  may  then  be  lowered  i'^ 
economics  are  favorable. 

During  the  building  equipment  survey,  the  items  of  equipment,  the  repair 
or  renovation  or  replacement  equipment  required  for  control  or  regulation  of 
the  HVAC  eouipment  should  be  noted  and  listed  for  each  building.  The  cost 
of  the  repair  or  new  construction  necessary  for  feasible  control  may  be 
estimated  or  calculated.  The  seriousness  of  the  estimate  may  be  based 
on  the  degree  of  accuracy  required  by  the  analysis.  Thus,  a first  cut 
analysis  would  not  require  the  refinement  necessary  for  a final  sophi- 
sticated design  calculation. 

2.2  Building  Types 

Buildings  have  been  categorized  into  19  types  of  functional  use.  This 
breakdown  was  used  to  correspond  to  the  energy  usage  data  gathered,  known 
and  calculated.  Table  I lists  the  usage  number  and  type. 
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TABLE  I 


BUILDING 

BUILDING 

TYPE 

TYPE 

NO. 

BUILDING  TYPE 

MO. 

BUILDING  TYPE 

001 

Enlisted  Men's  Recreational  Ctr. 

nil 

Library 

002 

Theater 

012 

Office  Building 

003 

Bowling  Alley 

013 

Laboratory  (oil) 

004 

NCO  Club 

014 

Laboratory  (gas) 

005 

Post  Exchange 

015 

Barracks 

006 

Commissary 

016 

BOQ 

007 

Enlisted  Men's  Mess 

017 

Machine  Shop  (see  Sec.  ; 

008 

Laundry  (see  Sec  3.1 

018 

Warehouse  3.1  Gen  note 

009 

Field  House  Gen  note  C) 

019 

Dental  Clinic  D)  ! 

010 

Chapel 

i 

2.3  Climatic  Effects 

For 

simplicity  and  to  include  effects  of  humidity 

, a table  has  been 

prepared  listing  large  cities  in  the  US  and  the  associated  number  assigned. 

This  table  is  to  be  used  to  account  for  the  climatic  changes  associated 

with  location.  Fcr  a given  installation,  pick  the  closest  or  most  descrip- 

tive climatic  city  to  account  for  the  difference  in  heating,  cooling  and 

humidity 

in  relation  to  Washington,  DC.  Data 

inherent 

in  the  program  is 

associated  with  conditions  in  the  Washington, 

DC  area  and  must  be  normalized 

for  different  locations  using  Table  II. 

CLIMATIC  ADJUSTMENT 

TABLE 

TABLE  II 

LOCATION 

LOCATION 

NO. 

CITY 

NO. 

CITY 

001 

Ablilene,  Texas 

029 

Miami,  Florida 

002 

Albuquerque,  New  Mexico 

030 

Mi nneapol is.  Mi nnesota 

003 

Amarillo,  Texas 

031 

Montgomery,  Alabama 

004 

Atlanta,  Georgia 

032 

Nashville,  Tennessee 

005 

Bakersfield,  California 

033 

New  Orleans,  Louisiana 

006 

Billings,  Montana 

034 

New  York,  New  York 

007 

Boston,  Massachusetts 

035 

North  Platte,  Nebraska 

008 

Brownsville,  Texas 

036 

Oklahoma  City,  Oklahoma 

009 

Casper,  Wyoming 

037 

Phoenix,  Arizona 

010 

Charleston,  South  Carolina 

4 

038 

Raleigh,  North  Carolina 

.jjnrTL! 
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TABLE  II  (CON'T) 


on 

Chicago,  Illinois 

039 

Red  Bluff,  California 

012 

Columbus,  Ohio 

040 

Reno,  Nevada 

013 

Denver,  Colorado 

041 

Rochester,  New  York 

014 

El  Paso,  Texas 

042 

Sacramento,  California 

015 

Fargo,  North  Dakota 

043 

St.  Louis,  Missouri 

016 

Ft.  Smith,  Arkansas 

044 

Salt  Lake  City,  Utah 

017 

Ft.  Worth,  Texas 

045 

San  Antonio,  Texas 

018 

Fresno,  California 

046 

San  Francisco,  California 

019 

Hatteras,  North  Carolina 

047 

Sault  Sante  Marie,  Michiga 

020 

Houston,  Texas 

048 

Seattle,  Washington 

021 

Jackson,  Mississippi 

049 

Shreveport,  Louisiana 

022 

Jacksonville,  Florida 

050 

Tallahassee,  Florida 

023 

Kansas  City,  Missouri 

051 

Tampa,  Florida 

024 

Knoxville,  Tennessee 

052 

Tucson,  Arizona 

025 

Laredo,  Texas 

053 

Washington,  DC 

026 

Los  Angeles,  California 

054 

Winslow,  Arizona 

027 

Las  Vegas,  Nevada 

055 

Yuma,  Arizona 

028 

Memphis,  Tennessee 

2.4  Energy  Saving  Schemes 

The  various  conservation  schemes  are: 


2.4.1  Scheme  1,  Equipment  Shutdown.  Programmed  shutdown  of  building  heating 
and  cooling  equipment  during  unoccupied  periods  results  in  significant  energy 
savings.  The  magnitude  of  the  savings  depends  on  the  heat  transfer  character- 
istics of  the  building,  equipment  capacity,  type,  and  operating  efficiency, 
and  outside  temperature  conditions. 

2.4.2  Scheme  2,  Outside  Air  Shutoff.  Programmed  shutoff  of  outside  air 
consists  of  closing  outside  air  intakes  and  shutdown  of  exhaust  fans  when  the 
building  is  unoccupied.  For  buildings  where  equipment  operates  continuously, 
the  savings  in  energy  cost  can  be  large.  It  is  recoranended  that  Scheme  2 be 
used  in  conjunction  with  Scheme  1. 

2.4.3  Scheme  3,  Outside  Air  Reduction.  Many  building  systems  have  been 
found  to  draw  in  more  outside  air  than  is  required  for  adequate  ventilation. 
Therefore,  each  building  system  should  be  investigated  to  determine  how 
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much  the  outside  air  quantity  may  be  reduced.  An  adjustment  of  the  minimum 
outside  air  damper  setting  to  decrease  the  outside  quantity  could  be  a one 
time  adjustment  or  could  be  combined  with  variable  setting  equipment  as  in 
Scheme  2,  4 or  6.  Scheme  2 and  3 should  be  unsed  together  with  Scheme  1. 

2.4.4  Scheme  4,  Option  1,  Enthalpy  Control.  A popular  energy  conserving 
scheme  is  enthalpy  control.  By  measuring  the  temperature  and  the  relative 
humidity  an  estimate  of  the  total  heat  content  (sensible  and  latent)  of 
both  return  and  outside  air  streams  can  be  made.  Then  the  air  stream 
requiring  the  least  amount  of  energy  to  maintain  the  proper  comfort  level 
is  used  for  the  supply  air. 

Scheme  4,  Option  2,  Enthalpy  Optimization.  An  extension  of  the  concepts 
described  in  enthalpy  control  is  that  of  enthalpy  optimization.  This  control 
scheme  mixes  the  air  streatm  (outside  air  or  return  air)  which  will  impose 
the  lowest  cooling  load  on  the  mechanical  equipment.  It  should  be  noted  that 
either  savings  of  Scheme  4 should  be  used  but  not  both.  The  savings  are 
similar. 

2.4.5  Scheme  6,  Temperature  Reset.  Eneray  savings  are  available  through 
reset  or  adjustment  of  air  temperature  in  a mixed  air  system  like  double  duct 
and  multizone.  The  basic  concept  is  to  decrease  the  amount  o'^  mixing  by 
reducing  the  temperature  difference  between  the  hot  and  cold  air  streams. 

The  temperature  to  which  the  air  streams  can  be  adjusted  depends  on  the 

zone  requring  the  coldest  or  hottest  air.  For  example,  a conference  room 
crowded  with  people  requires  the  most  cooling  of  any  other  zone  in  the 
system.  The  cold  air  stream  temperature  is  adjusted  or  reset  until  it 
just  matches  the  cooling  load.  The  hot  air  stream  is  reset  in  the  same 
manner,  and  adjusted  for  the  zone  with  the  heating  load. 
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2.4.6  Scheme  8,  Forecasting  Peak  Reduction.  Peak  reduction  under  this 
scheme  is  accomplished  by  shutting  down  selected  equipment  (shedding)  when 
desirable  to  reduce  a peak  during  any  demand  interval.  What  equipment  is  to 
be  shut  down  is  determined  by  the  control  system  according  to  a oriority 
list  established  by  the  user.  The  desirability  of  shedding  is  determined 
by  forecasting  the  demand  at  the  end  of  a particular  demand  period  and 
comparing  the  predicted  value  to  an  established  (ideal)  target  demand 
1 imit. 

Should  the  forecasted  demand  be  over  the  target  value,  selected 
equipment  is  shutdown  in  the  order  specified  by  the  user  to  lower  the 
forecast  of  the  demand.  A subsequent  forecast  under  the  target  demand 
causes  the  resumption  of  equipment  to  operating  status  or  no  action  if 
there  are  no  units  on  disabled  status. 

3.0  Data  Cards 

3.1  General  Notes 

a.  The  program  as  structured  can  analyze  up  to  120  buildings. 

b.  Abbreviated  units  used:  C=  10^,  K = 10^,  M = 10®,  G = 10^. 

c.  Buildings  types  8 and  9 require  estimated  cooling  energy  savings  to 
be  provided  for  Schemes  1,  2 and  4,  and  for  Scheme  3,  estimated  heating 

and  cooling  energy  savings  must  be  provided,  otherwise  zero  energy  savings 
are  assumed. 

d.  Building  types  17  & 18  require  estimated  cooling  energy  savings 

to  be  provided  for  Scheme  4,  and  for  Scheme  3,  estimated  heating  and  cooling 
energy  savings  must  be  provided,  otherwise  zero  energy  savings  are  assumed. 
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e.  Some  installations  may  be  able  to  use  an  existing  comRuter  or  to 
tie  into  another  installation's  computer.  Thus,  a zero  or  nominal  cost  may 
be  assessed. 

f.  Right  justify  integer  numeric  characters,  (14,  000),  and  left 
justify  alpha  characters  (A5,  FY77).  All  real  numeric  characters  (i.e., 

F6.2,  500.00)  must  have  the  decimal  point  placement  inputted. 

3.2  Installation  Cards 

Two  cards  are  required  to  input  the  general  installation  information.  The 
information  on  these  cards  is  at  pages  13,  14  aro  19  of  Appendix  A. 

3.3  Building  Information  Cards 

Two  cards  are  required  for  each  building  to  be  included  in  the  analysis. 
The  information  on  these  cards  is  at  pages  15,  16,  17,  18,  20  and  21  of 
Appendix  A. 

4.0  Calculations 

The  methods  of  calculation  are  given  in  References  1 and  2.  The  con- 
sumption and  estimated  savings  have  been  updated  using  known  data  from  the 
installations  in  the  Washington,  OC  area.  If  building  energy  consumption  is 
known,  either  from  metering  or  an  energy  audit  of  consumption  (i.e.,  oil 
delivery  receipts),  then  those  values  can  be  input.  If  the  savings  for  a 
particular  scheme  or  additional  savings  can  be  quantified,  these  savings 
can  also  be  included.  Dollar  savings  for  maintenance,  labor,  or  other  cost 
avoidance  nay  be  prorated  for  the  buildings  and  incorporated  into  the 
calculations.  The  simple  payback  period  calculations  assume  that  operating 
and  maintenance  costs  (recurring  costs)  are  balanced  or  offset  by  annual 
maintenance  and  operating  savings. 
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A listing  of  the  program  is  given  in  Appendix  B with  comments  explaining 
what  is  calculated  or  performed  in  the  various  sections. 

5.0  Output  Data  and  Interpretation 

A sample  output  listing  is  given  in  Appendix  C and  explained  in  Sections 

5.1  through  5.4.  Each  output  listing  gives  the  information  on  each  building 
corresponding  to  the  column  heading  at  the  top.  The  building  order  for  the 
economic  analysis  output.  The  building  order  for  the  economic  output  is 
ranked  from  the  highest  overall  economic  benefit  to  lowest. 

5.1  Energy  Saving  Listing 

The  initial  listings  in  Appendix  C are  the  total  heating  and  total  cooling 
savings  for  each  scheme  in  GBTU/year.  Totals  for  each  scheme  are  given  at 
the  bottom.  Following  the  listing  by  scheme,  the  yearly  building  energy  savings 
for  each  building  is  given  in  GBTU/year  and  in  $/year. 

5.2  Building  Control  Point  Tabulation 

The  next  section  of  Appendix  C is  the  building  control  point  tabulations 
giving  the  number  of  each  type  of  control  point  required  for  the  building  and 
the  individual  and  cumulative  totals. 

5.3  Equipment  Costs 

Equipment  costs  listed  in  Apoendix  C include  local  wiring  costs, 
remote  point  costs,  telephone  line  equipment  costs,  estimated  building  repair 
costs,  estimated  new  equipment  costs,  and  total  buildina  costs,  as  applicable, 
for  five  typical  industry  suppliers.  The  five  supplies  were  arbitrarily  used 
from  Reference  1 as  typical  and  representative  of  industry. 

The  estimated  repair  and  new  equipment  costs  have  to  be  input,  otherwise 
zero  costs  are  assumed. 


5.4  Economic  Analysis 

The  economic  analysis  listing  in  Appendix  C presents  the  buildings  by 
relative  merit  of  savings  minus  cost  of  implementation.  Operating  and  main- 
tenance costs  and  ECS  implementation  costs  are  given  as  well  as  the 
cumulative  total  cost.  The  Discounted  Payback  Period  is  presented  in  years. 
This  calculation  is  based  on  the  economic  guidance  presented  in  "Economic 
Analysis  and  Program  Evaluation  for  Resource  Management",  (Reference  3). 

An  asterisk  represents  a time  period  of  over  10  years.  The  Simple  Payback 
is  the  payback  time  using  Energy  Conservation  Investment  Program  guidance 
(Reference  4).  All  cost  savings  are  escalated  to  the  expected  year  of 
operation  for  simple  payback.  The  cumulative  BTU's  saved  per  dollar 
invested  is  given  as  well  as  the  cumulative  total  energy  savings  per  year 
in  dollars.  This  information  is  presented  for  each  of  the  five  representative 
suppliers. 
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Multiple  Run  Card. 


This  card  allows  from  1 to  99  separate  data  (installation)  decks  to  be 
run  once  the  program  has  been  compiled.  It  is  to  be  placed  imnediately  before 
i the  first  installation  card  (91).  The  number  of  runs  is  to  be  punched  in 

t the  first  two  columns,  right  justified.  Immediately  following  each  data 

V i deck  a multi-punched  7,8,9  card  must  be  placed.  The  final  deck  is  to  be 

followed  by  a multi -punched  6,  7,  8,  9 card  and  the  7,  8,  9 card  is  to  be 
deleted. 
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ENERGY  CONTROL  SYSTEM 
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DATA  INPUT  INSTRUCTIONS 
AND  SHEETS 


TABLE  I 


LOCATION 

LOCATION 

\ NO. 

CITY 

NO. 

CITY 

r 

E 

001 

Abilene,  Texas 

029 

Miami,  Florida 

002 

Albuquerque,  New  Mexico 

030 

Minneapolis,  Minnesota 

003 

Amarillo,  Texas 

031 

Montgomery,  Alabama 

004 

Atlanta,  Georgia 

032 

Nashville,  Tennessee 

005 

Bakersfield,  California 

033 

New  Orleans,  Louisiana 

006 

Billings,  Montana 

034 

New  York,  New  York 

1 007 

Boston,  Massachusetts 

035 

North  Platte,  Nebraska 

i 008 

Brownsville,  Texas 

036 

Oklahoma  City,  Oklahoma 

1 009 

Casper,  Wyoming 

037 

Phoenix,  Arizona 

010 

Charleston,  South  Carolina 

038 

Raleigh,  North  Carolina 

1:  on 

Chicago,  Illinois 

039 

Red  Bluff,  California 

012 

Columbus,  Ohio 

040 

Reno,  Nevada 

013 

Denver,  Colorado 

041 

Rochester,  New  York 

014 

El  Paso,  Texas 

042 

Sacramento,  California 

■ 

015 

Fargo,  North  Dakota 

043 

St.  Louis,  Missouri 

\ 016 

Ft.  Smith,  Arkansas 

044 

Salt  Lake  City,  Utah 

017 

Ft.  Worth,  Texas 

045 

San  Antonio,  Texas 

018 

Fresno,  California 

046 

San  Francisco,  California 

019 

Hatteras,  North  Carolina 

047 

Sault  Sante  Marie,  Michigan 

E 

020 

Houston,  Texas 

048 

Seattle,  Washington 

1 

021 

Jackson,  Mississippi 

049 

Shreveport,  Louisiana 

022 

Jacksonville,  Florida 

050 

Tallahassee,  Florida 

023 

Kansas  City,  Missouri 

051 

Tampa,  Florida 

1 

024 

Knoxville,  Tennessee 

052 

Tucson,  Arizona 

025 

Laredo,  Texas 

053 

Washington,  DC 

, 026 

Los  Angeles,  California 

054 

Winslow,  Arizona 

i 027 

Las  Vegas,  Nevada 

055 

Yuma,  Arizona 

[ 028 

Memphis,  Tennessee 

’ 

TABLE  II 

! BUILDING 

BUILDING 

TYPE 

TYPE 

1 NO 

BUILDING  TYPE 

NO. 

BUILDING  TYPE 

001 

Enlisted  Men's  Recreational  Ctr. 

Oil 

Library 

002 

Theater 

012 

Office  Building 

003 

Bowling  Alley 

013 

Laboratory  (oil) 

004 

NCO  Club 

014 

Labotatory  (gas) 

005 

Post  Exchange 

015 

Barracks 

006 

Commissary 

016 

BOQ 

! 007 

Enlisted  Men's  Mess 

017 

Machine  Shop  (See 

008 

Laundry 

018 

Warehouse  Note  4) 

^ 009 

Field  House  (See  Note  3) 

019 

Dental  Clinic 

' 010 

Chapel 

*NOTE:  An  additional  91  building  type  spaces  have  been  alloted  (totaling  100 
buildings  altogether)  in  each  energy  savings  sheme  list  (Schemes  1,  2 
3,  and  4),  such  that,  buildings  different  than  the  first  19  buildings 
may  be  added  to  the  energy  saving  scheme  lists  along  with  the  respective 
heating  and  cooling  savings  in  KBUT's  per  Ft^  per  year. 
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General  Notes 

1.  The  program  as  structured  can  analyze  up  to  120  buildings, 

2.  Abbreviated  units  used:  C = 10^,  K = 10^,  M = 10^,  G = 10^, 

3.  Building  types  8 and  9 require  estimated  cooling  energy  savings  to 
be  provided  for  Schemes  1,  2 and  4,  and  for  Scheme  3,  estimated  heating  and 
cooling  energy  savins  must  be  provided,  otherwise  zero  energy  savings  are 
assumed. 

4.  Building  types  17  and  18  require  estimated  cooling  energy  savings 
to  be  provided  for  Scheme  4,  and  for  Scheme  3,  estimated  heating  and  cooling 
energy  savings  must  be  provided,  otherwise  zero  energy  savings  are  assumed. 

5.  Some  installations  may  be  able  to  use  an  existing  computer  or  to  tie 
into  another  installation's  computer.  Thus,  a zero  or  nominal  cost  may  be 
assessed. 

6.  Right  justify  integer  numeric  characters,  (14,  000),  and  left  justify 
alpha  characters  (AG,  FY  77).  All  real  numeric  characters  (i.e.,  F6.2,  500.00) 
must  have  the  decimal  point  placement  inputted. 

7.  Example  for  Scheme  6. 

Assume  supply  air  temperature  can  be  reset  an  average  of  6°F  higher  than 
normal  for  the  total  number  of  hours  that  the  chiller  is  operating.  Annual 
chiller  sun  time  is  4,880  hours.  The  psychrometric  conditions  of  the  system 
indicate  that  the  enthalpy  difference  between  normal  supply  air  temperature 
and  the  reset  temperature  is  1.5  BTU/lb.  The  total  air  quantity  is  142,680 
cfm.  Assume  that  half  the  air  passes  through  the  cooling  coil  and  half 
through  the  heating  coil. 
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APPENDIX  B - PROGRAM  LISTING 


Copies  of  the  Program  listing  are  available  at 

USA  Facilities  Engineering  Support  Agency 
Research  and  Technology  Division 
Fort  Bel  voir,  VA  22060 


..aaid bij mujO-^anii  tfiito.  uioii  Nv«VQ»d 


SYHOOtfS  BFfERCMCt  M«r  IRs3| 


33»d 3t*«iL!oi  ailtVi  Nij. aauifl  .i2i44..aiirie ai/it ■«43om  M<aoob4. 


tr  » 
e ^ 

««  « 


o < 

r 
9e 
u.  o 


O' 

o' 


-1 


o 

C-l 

X. 


o 

fi.’ 


9 

• . 
C M • 
U.  «« 

.rsj  • 


•u  » Ni 

«»  0 O If'  *4 
•< ' ^ 
w*  *9  • •• 

««  A «i  e 

• «n  ^ M (\.- 

o • j 

f\<  ••  • ^ w 

«•  M .«  < C ^ 
C-^  t w * 
• « u a «*  o 

I tfj  O O Ifc  H 

I or  X ^ 


O o 

© a-ita. 

O'© 

O O ii» 

o 


or 

& 

b rv« 


Jo  o © 

iW  IM  ^ 


« X < 
• • 

e o < 


|o  c © 

•Z  X z 


O’© 

z z 


I I 


I I 


O' 

or 

o 


B’  Nn  *0  •n  iN  f! 

---i-^  ’S’ 


0,0  o; 


o C I 

I 


o 

z 


c 

z 


«k  M;  •«  iP» 


o' 

-I 

C <1  I* 


tn  U. 

— o 
o u 


■i  .O  o o < 

' ^ W »;  I 


^ ^ Ik;' 

e.  & 


• • 
c o 
• • 

« .1  w •»  -J  ^ 
r « 

b ' 

O'W  b W b Ik 


u 

•*^ 

^ • e 
» e 

©•VO 

Ik-  r ^ 


> k1, 1 


^ X ^ 

iM  b 

U.tO'  o c 

^ z U.  ti 


fN<  • 


I 


0| 


I 


•►•fw  1 

4.>!C 


lie 

L* 


rw< 


o- 

iki  ‘ 

Z| 

^1 


fSl  • 

•Tl 


j! 


V ••  f\,  ‘ 


I 


tsi  r>'  • • 


I ^ — » 


jo 

IT  -* 
» ^ 

— -C 
C w 


rw^ 


• ^ 

l^  • 
ik 


orj 
w '«> 


^ X 

u » 

— 

z-y 

.*•  kriO 
k-  Sf  II  ••-1^ 

^ t.  » 

» c 


X *4 

z 

O O 

ik  o 


o < 

«i-«k 

z a 


z 

O ik 


& «*  c 

Z II  ^ o 
•»  -J  •*'  o 

••  • » cv 

k • M k 

S X *0 
k f>k  fv 
«k  ^ ik  «N4 

k«  k ^ A 

k4  tSi  k A 
^ **  kk  O 

k O ^ 

K Z ^ .k 
-•►90 

S z *k 
« z •• 

ik  ' O W 


'x'l 

O'  e 
•»!  fw 
— .A  <M  .Z' 

•«S,  k o 
ct  • & z 
ic  o 

-*iik 


I 1^  -k*  ^ » CM 


i 

& —4 

CM  ro 
IM^. 


► ir 
: CM 


or 

c 

z 


k4  - Z 

m . k -k  o ••  z 

fM  7-4  3 IT  Oj  Z 

ktM  9 fij  kk 
O k—k- 

9 Z iT'  ^ 

• -9  0^9  — 

C r ^ o X 

9<Z  — 9 Z 

ik  .O  ^ u;  C C 
Z ,ik  M z ik  o 


I £ 

I Z 

ik 

i 

i 2 


26! 


I ! 


iW 

.Ifs 


Rt  toi-i.ioi  I LN,  ( INSrAllLI  .L>l  ,61  , tF<;TR,  INORTFII.  I , L:1,  IRI  , icr, 
1 into, TIC, CCIC.iCt.kiROlP.kiRONO 

lot  roRMOi  II  i,h»-.,  iXjSoi,  l(l<»l,^I<.,^^^^,3Ill  


HRITr.  If-t  10 1>  IH.I  INSI*L«LI  ,L>  l,bl  i IFSTR,  INO* tC.( L I f L<  t f 1 H 
UtOtT0C,CCIC«i;T  .KAROTP.KAHUtIO 


S«nin>  01  Jltid  HUlSr^ANOO  AUttlNj 


30»d Nid 9?idQ  . iiapw- 


Bfrs'  * otor,  ror*i  03Lt*^  teorlt  5*vif*<;s 


I 


‘r  : 


I i% 

-i 

— • — 
u.  w , 

a 9 ! 

t^  io 

i 

! 

o 

• 

w • 

z z z 

o' 

X’N  • ^ 

• 

e 

!« 

1*^ 

O CO 

O'  C o 

M 

e' 

.o 

1/^  o u u 

U! 

< <s  — 

o. 

1* 

z 

1 

O O V 

— 

e 

> o — t 

M 

•i  - 

“> 

, z 

' M « i*t  n 


t « X — — ^ « 

z •»  ,►•  •• 

9 3 >.  « « O • 
*4  0 w ur  ^ I 
^ O Z Z 


«»  «*.  O «» 
^ lA  «*  a a 


• f V & 

^ u o 

I *•  t/*  • 


c 

1 

3 ^ O O 

w 

u 

— 

— 

|0  c 

— 

►* 

C 

o n 

» 

; 

w 

O 

• 

1 z 

z 

0^0 

z 

z 

— 

CSj  — 

r 

z 

— 

o 

UJ  u- 

< 

« — ' 

IT 

4i 

u. 

u 

^ o 

< 

1 

^ z o 

— 

— 

e 

• — 

z 

9 

u. 

« 

UN  • • 

o 

o 

z 

o o 

0 

t 

n 

4 

• 

z 

LT  — 

z 

« — o 

• 

r>  • 

Irt 

tr> 

C 

o 

* — — 

0 

1 ^ 

•J 

-1  < 

* 

«r 

— 1 

— 

— 

• 

o ^ 

w 

o w 

o 

c 

o 

ul  — 

tr 

(/) 

«» 

— 

o 

o c 

e 

-J 

— 

— •< 

c 

. o o c 

O I*J 

* o 

< 

u 

• • 

— 

— 

o' 

— 

• 

n 

— 

— J 

o o z 

o o 

• 

— • 

It 

M > — — 

IT 

II 

e 

1*  O e 

II 

II 

— 1 

wo 

X 

» 

-> 

3 

zo 

— 

•>  — 

M 

II 

f1 

— — — 

• 

• 

II 

o 

— 

X 

— 

li  O 

« 

-> 

•*  n 

— 

•o  o 

— 

— 

O 

— — o 

— 

— 

i»' 

— 

o 

— 

«/ 

wJ 

•>  J II  I* 

l< 

II 

— 

VT 

t/1 

-> 

— 

-o  o 

w 

— 

^ ^ 

•> 

' 

II 

o o 

o 

— « 

Ck. 

— 

0 

cr. 

O 4^ 

C. 

C 

— 

u»  4/)  I'l 

• 

• 

* 

• — 

» 

» 

z 

— 

wo  o 

— 

->  o 

»• 

O 

U O 

c 

— 

e — — 

— 

— 

— 

o 

C o tf' 

u* 

— 

— 

to 

— 

H 

B 

u u o 

— 

— 

— 

« 

« 

« 

^ — — 

— 

— 

— 

— 

^ — 

— 

— 

— 

— 

— 

— 

M 

M 

’/N  — 

. Z 

— 

— — 

C 

H 

c 

— 

1 

1/) 

c 

tr. 

v: 

i/^ 

z 

iT 

— 

O'C. 

o 

H 

( 

— w 

^ a 

n u.  te. 

U. 

— 

o 

c 

O .J  o u 

o u 

c o 

u. 

o 

o ^ 

ft. 

i 

*1“ 

o u 

o — 

•• 

•• 

c 

c 

C O It 

c 

MO 

— 

o 

. ^ •>  ^'C 

• *«  w 4 

' C • r:  o » 

I Ul  ^ (O  «i 

< • O X » 


1-*  , • u 

zoo  «)9'^  o 
s o »\*  z 

to**n  • 

^ » 

O »»  1 ^ 

• • O O'C;  — 

c s c 


• *00X9 
«»  «»  It  it  c ^ 

^ tf'  « o 


z z e c’  f - -r 

o o w — ^ ^ 

Lt  4/^  • • • • 

M — — — — — C • 


w w'u.  X o 
• *-*-  — C O I 


o o u o o 


i 


VJ50  HLnaoiJMHLOftUIJI  •It-HSFI  I.LI  I 


I 


O 

e 

). 

ff* 

o 

to 

e 

in 

o 

If 

z 

o 

> 

• 

C 

in 

Ul 

to 

• 

X 

to 

« 

If 

z 

• 

UJ 

z 

to 

r 

• 

CM 

toi 

u 

r 

«»i 

o 

3 »n 

e 

fn 

m 

m 

y 

» 

» 

to 

• 

1 

z 

z 

• 

•n 

to 

to 

o 

c 

X 

X 

J 

in  in 

z 

to 

« 

y 

u 

« 

y 

X 

X 

e 

a. 

C/ 

• 

o 

•>  f*j 

z 

• 

« 

to 

e 

to 

to 

• 

« 

• 

•• 

to 

o 

«K 

A 

M 

c 

O 

c 

r 

• 

>• 

-> 

o 

to  o 

a 

C 

» 

» 

-) 

• 

%n 

to 

c 

z 

2 

w 

«» 

to 

to 

« 

X) 

(.9 

•* 

«• 

fu 

M 

-> 

X 

to 

K 

in 

in 

z 

5 

< 

» 

« 

PC 

If 

to 

A 

• 

o 

a 

2 

z 

z 

X 

a< 

•4 

r 

O •A 

f 

tn 

to 

-) 

to 

• 

o 

• 

M 

M 

«f 

N 

• 

X 

• 

• 

y 

a 

•» 

«• 

«b 

a 

to 

X 

to 

c 

if 

->  -> 

f. 

z 

to 

to 

• 

•• 

c 

«p 

•p 

• 

to 

• 

c 

•> 

fV 

«■ 

rg 

-J 

to 

n 

to 

z 

to 

•» 

z 

r 

z 

r 

«• 

to 

to 

*1 

a 

3 C 

a 

3 

to 

to 

to 

ar 

c 

o 

in  lA 

c 

tn 

in 

to 

to 

z 

to 

o 

M • • y 

« V *4  y 

X ^ • it 

n ►-  «£ 

w « u.  O tc  » 

»r  r • ►-  « ' 

r a:  X 

->  o i»  c n I 

;n  u.  • o a < 


»-  awtiimP'w. 


HlPOUt  I.  Ill  no  COMfyOl.  POIN 


I 


P^OGHH  ?MCCfL  ■■  fk/ti'  OPfTf  TWirOfeui rtM  5.b*«.70 1lb/?T/7r”10.0*.3r-  - P*CF  ••  IJ 


t o' 

' rio 

o*— 

WiO 

af  o 


O 

.1^  •»  • 

z ^c* 

uj  o w:  u*  I 

sc  • • : 


> C C u.  u.  I 
5 0^  — ^ ( 


I I H 

M X ‘ 

< tA<  r ; 


> O O C ' 

> O O I 


;r  ri^»  • -»r  l—w 

: O'  K •-  u/»  « 

JO'  » ^ M l>^  •» 

» O'  M (J  W.  c z 

'O'  H •1/>I  'aZO^^O* 

O'  M ^ Z|  M £ 

• O ^ ^ 'w  II  o * ^ 

• O'rwKMZ^rctfe 
.Me'>  — •-  ♦*£ 

It  II  X M ■ M Z o -»  »»  Z 

• Oo  £ Is  — Z K >C  — 

l►«J—  ■ ►-‘I*  <•'’  ^ 

ZC  *ZCZiCCO>>>Z 

ISZCWSZCZZZ  M.^^c 

I O ««  O C — O U.;0  O O 


C Z *0  cd  6 

0<  £ 

CO.  z ^ e e I 

M M It  »«  ' tl  M It 


^ ^ ^ '^1  ••  ^ « 


& Q.  &.'£  e.  £ I 
X ft.  z z ft 


.z  s ,z  r r ft  r r 


«)  0*0  C^  O 


«r  w .r 


' k 


*<3 

•« 

& 


<o 

< • 

m 


o 

iC 

ar 


i . i 


I I 


I I 


• • I 


I i 


«e 


I IT 

I ^ 


37 


- I_ 


I I 


1 


:z 

■ 

1 

44 

.*• 

, 

1 

13 

I 

1 

1 

1 

1 

o. 

1 

{ 

1 

i 

1 

I*  1 

1 

1 

^- 

1 

! 

o 

1 

^ 1 

1 

1 

i w 

1 

o. 

i 

1 

1 

44 

■ 

! 

. 

■ 40  40t 

1 

iO 

j 

i 

1 

r 

1 

• O O f 

1 

• ^ 

i 

m! 

1 

to 

1 

o 

• 

tu  z 

I 

i<3 

Ui 

O-  I 

1 

r 

ft 

1 

‘ « 

1 

z. 

<3 

44 

j 

!t0  > 

i w 

1 

j 

‘M 

• A 

X 

.O  « 

, o 

z> 

'If 

r 

?r 

« 

i 

IW  (O 

f 

i z 

o 

1 

■e 

43 

1 

Z 

1 

• «4 

143 

1 

o, 

• 

'z 

' 

1 

1 

ioi  ;u 

1 

1 

i«  Zi  1 

1 

1 

:z 

ia' 

to 

► 

1^ 

1 

1 

l»> 

. • 

(%l 

i 

ii- 

r 

40 

(>.♦ 

1 

n 

1 

•O  3 1 

' 

1 e 

Z| 

4 

<3.-4 

O 

1 

1ft  O- 

ks 

K 

M 

s® 

•1 

«-z 

44 

1 

o 

•25 

1 ^ 

> 

•«» 

Zo 

o 

o 

• 4 

ft 

I 

; It  i3| 

c 

'ir 

«l 

■ o 

44 

z 

-a  n 

• 

mi 

1 c 

Z 

'& 

4 

4v 

Z — 

' 

ft 

, 

ft  It 

to 

|t> 

, 

^ «» 

o 

z 

4 a4 

1 

'U  1 

• 

13 

• Z 

lO 

o 

“>  <3 

.Z  40 

1 

i 

z 

z, 

-1  ^ 

0.  » 

•4 

(» 

2.C- 

to 

ift 

!•■ 

!0 

!« 

M 

W 

^ w 

o 

<3 

j 

k 

<“3  7 

*« 

• oc 

«»  (/> 

I/I  1/) 

^ <3 

■*0 

Z 

40  M 

e 

«« 

O « ^ 

• o 

e.ife 

«' 

z u 

•44 

IT 

•J 

;3 

Oi  43. 

i 

X 

'ft 

u.z  > ' 

' c 

W4  M 

•» 

iM 

c c 

«« 

& 

4.1 

ft 

A 

1 

: OC 

» 

4^ 

T 

ir 

a 

•44 

z 

* 

UJ 

^tZ 

ft 

,t4 

UJ  • 

o 

1 ^ 

O w 

o 

• • 

lO 

o 

44  a 

s 

Z 

• 4 

140 

O to  ' 

1 1« 

Cl 

a. 

< 

«».4» 

mi 

44 

z ^ 

o 

W 

-4  ^ 

,ft 

Z'C  ft 

■ 

- w 

v « 

• 

n •> 

U 

» jt 

z 

z • 

Z 44 

z 

Ift 

ft  <3  « 

■o. 

z 

« o c 

o 

r 

13 

M 

z 

o 

n • 

o 

4 

• 40 

to 

Urn 

ft  *» 

< 

z o r 

• 

2 

•» 

« 

^ 4- 

o 

(S# 

« 

n <3 

!c 

z it  r. 

e 

i z 

•9  • 

o 

w w 

-> 

« 

40 

a. 

& i3 

o 

•i 

4 

mm  ^ 

mJ 

. z 

ft  3 

' 

• 

. ^ 

IT 

• 7 

13 

C*»  l/t 

-1 

X M 

n 

a • 

« 

n 

40 

b4 

« ft  1 ! 

. 

•4 

• 

•4  ^ 

z u 

& 

O 

o c 

w 

id 

z « 

44 

z 

u 

O 

. ; 

44 

z 1 

•*>1 

c 

II  IT  C 

A 

c c 

z 

C 

r 

44 

o 

44 

e 44 

o 

II 

II  , 

•1 

II 

->  • W 

-I 

^ «» 

z 

ir 

(3 

c 

A 

H • 

• 

44 

mm 

11 

II  ^ 

M ' 

V 

r 

->  X 

• 

M It 

II 

IT 

II  ll 

z 

-) 

ji 

C" 

V 

II 

4*  • 

44  4a 

13 

ft 

(3  ! 

IT 

to 

A «• 

e 

r 

«•  «» 

w 

• 

mm  mm 

o 

w 

44 

14 

4» 

c* 

r a 

n o 

z 

o to  1 

<«w 

■ « 

w 

w • O 

K 

c 

-)  •> 

z 

v4 

u. 

c 

z & 

•4 

4a 

• 

o 

z 

u 

m ife 

mm  mm 

C 

• 44 

2 ft  ; 

1 ^ 

O 

e u 

• 

w «» 

» 

Cl 

w 

• Of 

• 

♦ 

o 

c 

4 

14 

n • 

w y» 

w 

fsi 

rs.  ft  * 

o 

O 

7 w 

£ 

->  l/>  l/» 

“> 

o 

40  40 

• 

•>  ^ 

o u 

z 

« 

n 

*4 

• ^ 

Z o 

•a 

«\) 

If 

•4  ••  W 

«4 

X u 

z U 

« 

z 

mm  V 

*1 

z 

mm 

(Si 

•4 

la 

40  -J 

44  44 

ft 

K 

, 

«4 

l( 

II 

«■ 

«» 

s c 

c z 

mm 

& 

13 

H 

M 

43 

z 

(1 

C •• 

11  II 

«J 

J 1 

i 

1 

II 

O CJ 

O u.  < 

u 

II 

Ife 

to 

c 

» ^ 

o 

4te 

ft  ^ 

<3  O <3 

14 

U 

(3 

ft 

U 

14  U. 

z u 

« 

. 

.«J 

z 

O o 

M 

•b 

•» 

o 

•• 

^ «■ 

o z 

mm 

z 

« 

z 

M 

M 

43 

1 , 

' 

•u 

• 

I 

e 

1 

IT 

44 

•r  If 

■ * 

•o 

' 

{ 

’ 

IN 

tfN 

if-ir 

' 

1 ! 

•z 

• 

*9* 

2 

e 

e-e 

; 

» ' 

•m 

1 

«4 

44 

44  ^ 

, 

• 

o o o 

lU  (>  u 

(3lr>  o 

t1  0|() 

(>  of(.i 

C>0  O (3 

43  ()  (> 

1 

MUI  OF  10  TtAKS  3R  IF  PAV'IACK  PERIOD  MAS  BEEN 


o 

iO. 


' I 


L 


tfSJ 


CtC* 

X X 


to 

o 

;e 


• * 

e 

1 

• 

l» 

4 1 

. 

«Q. 

1 

» ‘ * 

» 

>(/) 

QC 

► >• 

> • 

•»> 

• 

o M 

Z' 

:0 

■ e 

z r 

, 

* 

• 

z ^ 

K 

0. 

Z 

« « 

w 

e 

M » 

m 

X z 

1 

‘"7 

e 

or 

>> 

' ^ 

« o 

• 

o 

' O 

1 

m • 

• • 

• 

««• 

W z 

O O’ 

. z 

0.10. 

' 

‘ • 

e 

M 

X'*- 

z 

!• 

» 

> M 

r r 

•z 

« 

• 

» .J 

M 

o 

» 

e 

z 

o o 

rw 

• 

• o 

> 

» 

X 

« 

Ul  ^ 

'J  o 

• 

M o 

» 

w 

^ c 

xz 

1 

!«/» 

o 

w 

<r<u 

i/) 

M 

• 

' T 

•« 

: ^ 

«c 

T 

• • 

• 

• 

1 

•* 

* • 

1 

'!/» 

fVJ 

ui 

• • 

• 

• 

■ *• 

. T 

1/1  w 

! 

1 

I 

X 

O M 

M 

» 

’.tn 

W z 

< 

■ 

«» 

e 

o 

D‘*^ 

O 

«» 

Z 9 « 

J? 

l-y 

»/»l 

• 

z 

• 

CJ  c 

• 

) s 

» 

• O 

o 

^ O 

ui  z 

• ^ 

• 

1 

• O 

« 

> 

■m 

o 

< 

m 

.«■  ^ 

» 

rz 

• 

e 

r 

« z 

o « 

2 

UJ  — 

m * 

-o 

ru 

Mim 

o 

1/^ 

o 

X vf 

« o w 

lU 

«c 

rj 

•£  -1 

X 

> 

T Z 

tl  1 

1 

u 

• 

• 

• 

• O 

w 

• 

« 

« 

M « 

> 

0|V 

•Jo 

«« 

e 

• m 

• 

w 

»Af 

• 

^ « 

z 

H’O 

o (n 

oo 

*c 

l» 

*J 

or  .^- 

o ^ 

? X 

z 

«0.' 

•- 

fs. 

e.* 

X 

• 

z 

Klo 


I ! 


I I 


I i 


^ ^ ^ ( 


< a z 

Ife!  & W M <)  < <, 


o e 

' (T  C 


5 

o 


•9 

iO 

itt 

'§ 

I*-'* 


•M  O 


iC  • 

* O 


Ml 

^1 


N 

9 


e 

o 


z » 

U.'* 

or  oe 

w > 
a V 
»•  9 

• 


1 J 

i • 

. • 

' , ! 

1 

* 

!• 

1 1 i 

1 

* 

1 • 

life 

; 1 j 

• 

1 < 1 

( 

!• 

1 

1 

. • 

1 1 

1 ' 

! mi 

:k 

1 f j 

i ^ 

'C 

• I 

• 

1 e 

1 • 

1 

J 

1 * 1 

U 

1 i 

1 

1 •< 

|l/>  V 

. 1 

1 : 

t X 

IZ  • 

1 1 

I , 

i ® 

‘9  • 

* 1 

1 ta 

|0 

1 

1 ! 

I • 

'Z  Z 

i ! 

1 • 

i»  V 

1 

1*1' 

1 • 

■ 1 

I Z' 

X 9 

>» 

1 

1 ; 

• o 

u 

i ti/i  1 

1 mi  «• 

r* 

O 1 

1 

o<» 

1 *0^  ‘Z  1 

1 , 

1 >t/' 

i»  •* 

1 

C 

• 

• •>  1 

1 

V z 

Ir  • 

«• ' 

» ) •• 

.W  MJ  |l/> 

1 • 

o « > 

•o  « 

' W' 

Z.  » ;« 

M 

• • 

o ! 

1 ^ 

^ x» 

• 

tf*' 

1 e 

O,  ® • 

!X  e;  M 1 

O 

Cd 


O' 


'2  » 
I 


;<Sj 


IT 

tsj 


40 


»r’ 

^1 


P 

M 

u 

• 

z 

0. 

& 

* • 

»r  ^ 

o 

«r’ 

> 

• 

0 

lki.> 

iM 

ft 

ft 

e 

m 

M 

mt 

ft 

ftj 

• o 

c 

1 

• I/' 

9 

A 

r 

z 

z 

m*  m 

•*< 

• 

w. 

« 

X 

» 

la 

kw 

X 

• 

X 

o 

o 

X 

m 

z 

z 

•4 

• c 

•1 

!k*: 

u/  ^ 

ri 

J' 

o n 

o 

Ml  X 

e ^ 

z; 

i>- 

m» 

ft 

X 

X 

«4 

xj 

ft 

M 

ft 

V 

ft 

>z 

f4 

C9 

^ Z 

•» 

X 

J'Xi 

o 

iT 

( 

• « 

!• 

• 

ft 

ft 

I 

ft 

• 

ft-  mi 

•J 

ft« 

« •* 

z 

z 

• m 

z 

0^ 

» 

l» 

z 

K 

« 

ft 

o. 

•t 

ft 

M 

k^ 

ft 

X 

c 

X 

tZ 

o z 

0. 

> 

« 

» 

m 

A • 

z — 

«• 

0 

3 

o 

9 

i • 

» 

O' 

“9 

X 

«l 

o 

X 

Q 

ft  X. 

« 

•1 

Z z 

V? 

o o 

^ •• 

M • 

m 

e 

z 

o 

|M 

» 

• 

O 

•» 

« 

1 

2 

ft 

ft 

X 

n 

w 

z 

• 

in 

kfe 

«•  « 

mm  0 

•M 

.r 

f 

kw 

• 

iX 

X 

ft 

m 

X 

*4 

*1 

o 

M 

ft 

ft 

fft 

ft 

T 

« 

1 

•e 

z z 

•• 

M 

U.’« 

• X 

• 

■M 

M, 

z 

o 

• 

. • in 

• 

ft 

»» 

X 

X 

ft 

-* 

( 

ftj 

'■ 

• N 

« 

z 

• 

^ mm 

z rw 

«• 

• 

u> 

• 

X 

i» 

• 

u. 

* 

O ft 

ft 

« 

O o 

ft 

ft 

V 

o z 

r» 

T'T 

z' 

m » 

o ^ 

H 

» 

• 

!• 

• r. 

• 

O' 

X 

in 

o' 

ft 

kft 

•J 

ft4 

e 

X 

c 

ft 

* 

w o 

a. 

IT 

o • 

»A  • 

• 

z^ 

• 

K 

• 

• X 

X 4* 

ID 

mm 

O; 

X 

z 

e 

ft 

z 

Sk 

u 

ft 

1 

•c 

z o 

Ui 

• 

« 

• 

• 

z 

W ^ 

z 

W 

c 

X 

e 

• 

;• 

z • 

ft 

• 

ft 

z 

« 

ft 

ft 

ft 

ft 

9 

X 

in  z 

z 

w w 

*M  < 

• 

M 

•4 

•4 

o 

0 

< o 

• 

ft 

ft 

fw! 

z 

!• 

ft 

ft  X 

ft 

mn 

X 

c>  z 

«» 

• 

: L** 

Z e 

kfe 

IT 

• 

z 

|M 

z z 

X 

Z^ 

X 

c > 

1 

• 

M 

K 

c 

X 

r 

kT 

{ 

w 

•J 

mm  ^ 

• 

O 

if 

Z|- 

• 

mm 

X 

M 

o ►- 

o 

o 

O' 

Z 

^ ' 

X 

«ft 

ft. 

e 

z 

«ft 

ft4 

o 

■ ta. 

• 

.i*  -/  Z 

«4  M 

«M  X 

• 

mt 

X *n 

c 

fn 

^ c*  ^ 

u. 

z< 

ft4 

•■4 

«4 

K 

tf*  44 

ft> 

■ft 

ft4 

«4 

Z 

«• 

X 

4^, 

»>• 

k*/  M « 

Z 

X 

z' 

O 9 

0 

• 

.r  • 

U.'  w 

X 

0 

u. 

ft 

a 

c 

X 

ft 

X 

ft 

X 

«k 

> 

X 

ft 

ft 

• c 

m 

c 

XZ 

z 

« 

.r 

•*  ^ 

mm  0 

«• 

• 

e 

' mm 

M •• 

X 

w 

•4'  X 

CO 

•4 

X 

>M 

X 

44 

e 

z 

V 

ft4 

X 

*4 

X 

•4 

X 

ft 

e 

z 

mm 

• 

•4 

I* 

o 

N, 

• • 

0 X 

* 

1 • 

X 

0 

X 

X 

• *4 

» o 

• 

•4 

ft 

«4 

ft 

o 

UJ 

ft 

ft 

V 

ft 

•4 

ft 

mm 

ir. 

• 

X 

o 

ft  1 

•- 

•■■ 

W. 

» •* 

U 

1 ^ 

mm 

>i 

mm 

» 

X — 

• 

X 

ft 

X 

mm 

X 

(£ 

X 

X 

■4 

X 

•4 

X 

■4 

ft 

X 

mm 

K 

kT 

ft 

X 

W 

9 

tA 

X 

X 

mm  ^ 

Z 

• 

mm 

• •» 

mr 

pm 

^ 

M* 

■4 

$m 

•4 

«• 

>ft 

«4 

ft4 

«4 

O 

z 

U W « 

mm 

z 

o 

w 

< 

mi 

« 

X 

« 

w 

« 

o 

u> 

« 

k^  < 

1*/ 

1C 

X 

c 

k*.  I 

; 

z 

w 

< 

^ X 

^ z 

M 

«• 

mm 

' ^ 

z 

pm 

z 

— ■ z 

c 

X 

z 

* 

»ft 

X 

•k 

Z 

ft* 

2 

X 

z 

^ I 

» X 

z 

*■ 

mm  a- 

mm  0. 

u 

1 M 

z 

mm 

u 

»«'  z 

•« 

z 

M 

u 

X 

M 

ftft 

z 

ft* 

Z 

M Z 

ft« 

Z 

z 

J 

! 

9 

• 

mm 

< 

or  O 

z c z 

w 

o 

'Z 

O Ck 

o 

z;o 

z 

o 

Iz  o 

o 

1 •' 

z 

z e 

z 

O 

z 

c 

Z’ 

o 

O 

z 

o 

|e 

to 

e 

a 

9 W 

X u. 

M 

; X 

u. 

X U. 

x|u 

X 

u. 

X 

u. 

o 

.it 

X 

X 

w 

X 

tft 

X 

kft 

X 

X 

c 

X 

L. 

X ! 

•• 

r\i 

kT 

mm 

mm.fkj 

w4 

•4 

\ 

•4 

1 

z 

. mm 

e 

•4 

tn 

iir 

X 

O' 

•e 

•4 

•4 

X 

fft 

e 

ft4 

1 j 

1/) 

) 

1 

'e 

* 

t .r 

X 

X 

iX 

X 

X 

X 

X 

« 

X 

u 

. 

• 

' 

• *4 

Imrn 

1 

1-^ 

•4 

mm 

1"^ 

•4 

•* 

«4 

mm 

•4 

«4 

ft4 

1 

rnsb 


I 

J 


SOijPbufiNE  '•jSMI  o'*  'oPrJffRlCF  ^CeiiE  ~ fTVi  li.fcV5?r"  IV.OS.'Sr  '■  PECC 


»•  » 

O w 


» u.  u 


• » K < 

o • «c 

r « . 


c » ^ 

w • ^ 
e K » 

» UN  .»  I 


^ • • • 

bJ  • U)  • 

» Z M c • 

K M ^ 2 o •• 

«4  ^ XT  FM  Z X 

• P e » c 

X P sc  « ^ «4 

X o »•<  c • 

^ m • P ^ 


K — |sr  c*  >r 

^ z ^ z «•  z 

««  • fw:  M ^ 

» • e*  » > s » 

SKK<»««K««4X  < 
»40»  < 

•-  P ^ X 


Y ^ z 

Z M 

' o z o 


^ X £ 

• M 2 C 

.SC  Z O 

«C  S 1^  » 


•-  X : 

M Z M ( 

Z O Z ( 

z.u.  XI 


'Z  UN  • 

O «»  • ^ s( 
Z s( 
w o ««  & • 
Z fNi  » eg'x 
• X ••  X 
^ ^ 


! i 1 


« sr  z • 

.p- ; 

C'*^  z ^ 


fu  sc  sc  o 
• o e 

*t  •»  p' 


iT'  •’  sc  <*k  SC 
^4m  •.«»  SC  9 Z «»  e 

.•<  X iPI  lUN  *0  *»•  X 'P* 
•fsi  •<  ‘fs*  •*rsj  • Z fv  • 
IM  • CNI  XXJ  sc  -P  fS#  sc 


i9  *4  r P4  ..  u.' 

ifv  • e so  • • • 
P:X  sc .c  «M  sc  PC 


w < u;>«  « 

X £ S..X  • 
M z ^ Z « 
z o Q^e  j 


«SIU  I 

I ! 


SC  P.O 

* pi 

» , 

1 

• 

Z sc  O 

•»  * 1 

t/» 

• 

1**1  tfv  1* 

'«*  «* . 

1 

id: 

i»  »!  » • 

•p*  «»' 

* 

z* 

IZ  sci  • sc 

«*| 

X 

j 

M ' 

•M  u^l  Z e 

• • 

p 

z. 

.P  »f  Ul  * 

p »! 

t 

P*  i £•» 

sc  X 

* 

1 

X 

,U'  id  I :Z 

.•  X 

X ' 

» 

_ r 1 X U* 

* pi 

1 

• > 

:z  •-  i/>  z 

••  » . 

o. 

1 

• 

sc* 

« Z i O :• 

«*  u* 

U. 

1 

u# 

<C 

I*  *-  u • 

.*.  c: 

‘ 

-n! 

• 

• Z,  • sc 

Z p. 

x' 

• 

o 

• j 

iK  * 1 p e 

P u' 

Z 

^ : 

r 

•X  • sc^ 

■•  • ♦ 

x< 

Ul 

1 • sr  1 • 

' » PI 

p1 

o. 

Z 

Z| 

I*  xj  *• 

X x| 

U! 

» 

pf  * T 

IX  *1 

1 

• 

o' 

UN  • U O 

‘ • p 

xj 

id' 

SC 

a. 

C p*'  P C 

••  * ! 

z 

e 

• 1 

•C  UN  1 Z 

ir  u 

«»  o 

b« 

••o'  o * 

IX  ^1 

^ z, 

z; 

• 

SCI* 

• Oj  z • 

••*  1 

P X' 

w« 

» 

X . 1 

ISC  » 1 » sc 

X v| 

x; 

u; 

•P .« 

X p,  — 

p : 

' tt 

• ih» 

P SC  sc  ^ 

:• 

X « 1 

•i' 

= 

» lO 

• X,  X » 

p o; 

• 

z p«  k; 
C rf' 


e 

z 

P X P 

X 

* 

X 

z 

PX 

o!  p X z 

* X 

sc  s 

X 

* V 

U' 

.X  — if 

1* 

•* 

• 

X 

• !£  X.* 

^ X 

X c 

u 

— 

«p  X V 

X 

•» 

X 

w 

X 

X X 

X X 

X X 

o 

ix  ^ X 

< 

X 

< 

X 

« 

'x  « 

X Z 

•o 

u < 

X 

X Z X 

£ 

X 

£ 

X 

£ 

X r 

X £ 

IX 

X ^ 

.X  Z X 

ft 

*■ 

y 

X 

Z 

j—  z 

X z 

X z 

O 

z o z 

O 

z 

o 

z 

o 

iz  o 

z c 

le 

z r*. 

id 

z u z 

u 

Z 

X 

Z 

u 

iZ  u 

z w 

,4.* 

Z u 

X 1 X 

•e  X 

X 

IT 

X 

• z 

X 

9 P< 

(N«' 

fi* 

(V 

Af 

•c» 

Ai  fu; 

A/ 

Al 

1 fil 

1 

M 

i 

^ fil 

r 


I 

I 


! I 

b 


' u*‘  •; 

I 2 ‘J  l! 

Xi  iAi 

O «r  ^• 

W ^»J|  9 

'*  - • -I 

1*3  • 


• «»  » 3l  O 

:X  • O,  * 

^ « *1  ft 

^ • •• 

•w  * x;  s 

XV  o!  • 

■•»  JN  fO!  • 

^ • X 

X «»  e<«» 


X «»  IX 


••'1  Vi^  X 
■ • V • Nk  » — • 

^ C X ■»  X 


• o • • ^ *14 

X O r;  Jx  S ' 
^ U *1^  ►“  • • 
— .»  X"»  » C ’ 


•-  X X i ^ r •- 

ft  ft'**  ft  — 

ft  O ft  Oft  C ft 

:X  M.  X U.  X 


ft  *-'ft  — i 

c ft:o  ft  < 

u.  X'u.  X t 


b*)  «•>• 

» ft 

I O » .m; 

: N..  X,  6. 

. r*  o • 


tw  ••*  X ft 

i*4  'Ife  * U. 

• Z X ft 

ix>  «*  o C 

Ift  :«I4  X « • 

j.w  'M  •«  U * 

jft  « • ► I 

I X - ft  > 


X o -o 

z < :z 

» Z |» 


* 9 t\j  • ft  Ai 
X X *i,x  u.  «^  ; 
Mv^ft  *« 
‘ X — • ' 


.-  « w « • 

• Z *-  Z ^ : 

• ft  ^ ft  *-  I 

O ft.  C ft  < 

.ft  x.u.  XI 

*4  mm 

IT  *Nk  I 

fM.  IfU  i 


i 

= 1 

lo  o-e 

,ft  ftift  t0  X tr 

Z T Z fAO  o 

M M «M 

ft  ft  .ft 

ft  ft. ft 

1 

O OlO 

o 

‘ 

[««««•*«  z *4  *• 

M 

ft 

ft' 

t ' 

1 o, 

1 

1 1 

X ,»  r*  ft  z* 

1 

i 

X 

1 \ 

1 

1 

1 

1 

\ ! o 

tn  tA  iA  iA'tA  ^ 

j 

ft  ft  'ft  ft  ft  z 

w ft!  «*  **  *■ 

Z Z'K  ft.  Z ft 

ft 

o 

' 

ft 

t 

o 

• • 

«■ 

• z 

• • . 

w 

« 

ft  ft 

o 

o 

* 

•-*  .ft 

u. 

•A  ^ X 

ft 

••  W 

X X 

ft  w*« 

« « 

«*  ift 

ft  to 

X X' 

'< 

I*  , 

W W 

o * •< 

Z A ft  Z ft 

ft  ft  ft  ft  •. 

,.4i  w 

w 

c c o o c 

ft 

ft  ft  ft  ft  M 

Ift.  ft 

► 

ft  .*•• 

^ » z » » 

Ift  o 

^ ' 

z 

|0 

• 

W C 

•i 

O I.A  ft 

Z X 

ft  z 

X X 

!X  Z n 

tA  i*. 

!►  *-  O 

ft  Z ft 

1^  iQ  ft 

ft» 

*•*•*-  X w 

ft 

•f 

e 

V X 

« 

o o •A 

•ft 

M 

X .f  ^ 

»• 

or 

z 

ftl  ft 

» 

' 

' APPENDIX  C - OUTPUT  LISTING 


L. 


35»d  „ «/»l  ‘*0 IIM*. 'lifO... 


»<3  11  V 

^:z  o 3 

« M r I- 
^ ^ 9 

O'O  > O 

•-•O  « 

U Vi 


•* 

O'  -UJ 

TiO  Of  O 

M z o or 

^ UJ 

n:»  0*0. 
« •• 
UiH  ife  I 


io  tn  Of 
•JtZ  O V 
« Z X 
^ 5 
o-«  >.^ 
k^lUJ  < O 
fZ  <3 

1 r 


O'C. 

^ z o 
►-■o  r 

< o ■> 

Ulw  C 
Till  « . 


O'  IT 

T'O  OT'U. 

M Z 9 O 

«'>  U u. 

UJ»«  « 

Xl«^  U.'*' 


• cr  ^ 

O'C  < u. 

o c L. 

a 9 
C.  U « 1“. 


»|  ff'i  C 

ji  9 ^ ir*‘ 

i\  •*  e «■ ' 


ru  oj  esj 


fg  l^  ^ 


» ■ ' i 

*1  ^ ^ ^ x;  e © 


000  l.soii 


■ 


•in  lA  '* 

•IIZ  o ► 
z 'X 


O'O  > ^ 

9 < s 

10  (/)  'O 


•X  * 

•to 


lO  or 
-I  z o ► 

Z X 

o « > •- 


13NI  FT.SONCHHERF . US* 


gO*^C8b^1 


..mi5*S_lP!jlHC'a  .*9e3M I lb 


i»ioj 


ToTAi  m-.r<;.iin 


■oJfcT'iPPiC ftfcecv  WWtRUL'SVSTtH ” Pr.Z  19 


TOI 


.12  . aaitf ''at ii»«» 


F»  n IMSTALLtr lONI  FT.SOICMHFRC.  US» 


110 


31»il  . _ - H3XSi»i_H(fliNC3_AaJ(3e3 3!Mi.nm. 


oil 


80*011  OO'ilO/sr  lOitl 


tl3JSAi  4d.bl_ 


It..  33M Hii5AS-JQ#i.NP3.^3«aKa_. 


r 


FESA  DISTRIBUTION 


US  Kilitary  Academy 
ATTN:  Dept  of  Mechanics 
ATTN:  Library 
West  Point,  NY  10996 


Chief  of  Engineers 
ATTN:  DAEN-ASI-L  (2) 
ATTN:  DAEN-FEB 
ATTN:  DAEN-FEP 
ATTN:  DAEN-FEU 
ATTN:  DAEN-FEZ-A 
ATTN:  DAEN-MCZ-S 
ATTN:  DAEN-MCE-U 
ATTN:  DAEN-KCZ-E 
AHN:  DAEN-RDL 
Dept  of  tne  Army 
WASH,  DC  20314 


Director,  USA-WES 
ATTN:  Library 
P.O.  Box  631 
Vicksburg,  MS  39181 


Commander,  TRADOC 
Office  of  the  Engineer 
ATTN:  ATEN 
ATTN:  ATEN-FE-U 
Ft.  Monroe,  VA  23651 


US  Army  Engr  Dist,  New  York 
ATTN:  NANEN-E 
26  Federal  Plaza 
New  York,  NY  10007 


USA  Engr  Dist,  Baltimore 
ATTN:  Chief,  Engr  Div 
P.O.  Box  1715 
Baltimore,  MO  21203 

USA  Engr  Dist,  Charleston 
ATTN:  Chief,  Engr  Div 
P.O.  Box  919 
Charleston,  SC  29402 

USA  Engr  Dist,  Savannah 
AHN:  Chief,  SASAS-L 
P.O.  Box  889 
Savannah,  GA  31402 


USA  Engr  Dist  Detroit 
P.O.  Box  1027 
Detroit,  MI  48231 

USA  Engr  Dist  Kansas  City 
ATTN:  Chief,  Engr  Div 
700  Federal  Office  Bldg 
601  E.  12th  St 
Kansas  City,  MO  64106 

USA  Engr  Dist,  Omaha 
ATTN:  Chief,  Engr  Div 
7410  USOP  and  Courthouse 
215  N.  17th  St 
Omaha,  NM  68102 

USA  Engr  Dist,  Fort  Worth 
AHN:  Chief,  SWFED-D 
ATTN:  Chief,  SWFED-MA/MR 
P.O.  Box  173C0 
Fort  Worth,  TX  76102 

USA  Engr  Dist,  Sacramento 
ATTN:  Chief,  SPKED-D 
650  Capitol  Mall 
Sacramento,  CA  95814 

USA  Engr  Dist,  Far  East 
ATTN:  Chief,  Engr  Di v 
APO  San  Francisco,  CA  96301 

USA  Engr  Dist,  Japan 

APO  San  Francisco,  CA  96343 

USA  Engr  Div,  Europe 
European  Div,  Corps  of  Engineers 
APO  New  York,  NY  09757 

USA  Engr  Div,  North  Atlantic 
ATTN:  Chief,  NADEN-T 
90  Church  St 
New  York,  NY  10007 

USA  Engr  Div,  South  Atlantic 
ATTN:  Chief,  SAEN-TE 
510  Title  Bldg 
30  Pryor  St,  SW 
Atlanta,  GA  30303 


USA  Engr  Dist,  Mobile 
ATTN:  Chief,  SAMEN-C 
P.O.  Box  2288 
Mobile,  AL  36601 

USA  Engr  Dist,  Louisville 
ATTN:  Chief,  Engr  Div 
P.O.  Box  59 
Louisville,  KY  40201 


USA  Engr  Div,  Huntsville 
AHN:  Chief,  HNDED-ME 
P.O.  Box  1600  West  Station 
Huntsville,  AL  35807 

USA  Engr  Div,  Ohio  River 
AHN:  Chief,  Engr  Div 
P.O.  Box  1159 
Cincinnati,  OH  45201 


USA  Engr  Dist,  Norfolk 
AHN:  Chief,  NAOEN-D 
803  Front  Street 
Norfolk,  VA  23510 


USA  Engr  Div,  North  Central 
ATTN:  Chief,  Engr  Div 
536  S.  Clark  St 

Chicago,  IL  60605  * i 


]■ 


USA  Engr  Div,  Missouri  River 
ATTN:  Chief,  Engr  Div 
P.O.  Box  103  Downtown  Station 
Omaha,  NB  68101 


USA  Engr  Div,  Southwestern  } 

AHN:  Chief,  SWDED-TM 
Main  Tower  Bldg,  1200  Main  St  1 

Dallas,  TX  75202  i 


USA  Engr  Div,  South  Pacific 
ATTN:  Chief,  SPDED-TG 
630  Sansome  St,  Rm  1216 
San  Francisco,  CA  94111 

AF  Civil  Engr  Center/XRL 
Tyndall  AFB,  FL  32401 

Naval  Facilities  Engr  Conroand 
ATTN:  Code  04 
200  Stovall  St 
Alexandria,  VA  22332 

Defense  Documentation  Center 
AHN:  TCA  (12) 

Cameron  Station 
Alexandria,  VA  22314 

Commander  and  Director 
USA  Cold  Regions  Research  Engineering 
Laboratory 
Hanover,  NH  03755 


USA  Engr  Div,  Pacific  Ocean 
ATTN:  Chief,  Engr  Div 
APO  San  Francisco,  CA  96558 

FORSCOM 

AHN:  AFEN 

AHN:  AFEN-FE 

Ft.  McPherson,  GA  30330 

Officer  in  Cha^e 
Civil  Engineering  Laboratory 
Naval  Construction  Battalion  Center 
ATTN:  Library  (Code  L08A) 

Port  Hueneme,  CA  93043 

Commander  and  Director 
USA  Construction  Engineering 
Research  Laboratory 
P.O.  Box  4005 
Champaign,  IL  61820 


i 

J 


n-76.4M)-  AG-Fl  Bflvoir 


i 


76 


